





















Nanofluids	 that	 directly	 absorb	 solar	 radiation	 have	 been	 proposed	 as	 an	 alternative	 to	 selectively	 coated	metallic	 receivers	 in	 solar	 thermal	 collectors.	 Given	 the	 expense	 of	 characterising	 a	 potential	 nanofluid
experimentally	methods	 for	 comparing	nanofluids	virtually	are	needed.	This	paper	develops	a	 computational	wave	optics	model	using	COMSOL	 to	 simulate	 the	absorption	of	nanoparticles	 suspended	 in	a	 fluid	 for	 solar
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As	predicted	by	 the	model,	 the	nanofluids	were	close	 to	be	equally	absorbing	over	 the	 full	 range	of	 the	 spectrum.	To	compare	 the	predictions	of	 the	model	with	 the	experimental	measurements	 the	average	absorbance	across	 the	 spectrum
(380–800	nm)	and	volume	fractions	covered	were	calculated	and	plotted	in	Fig.	7.	Error	in	measurement	was	observed	to	be	±7.5%.
As	expected	the	experimental	data	points	in	Fig.	7	follow	a	linear	relationship.	While	the	absorbance	for	0.004%	and	0.016%	volume	fraction	were	close	to	those	predicted	by	the	model	(Fig.	5)	the	intermediate	volume	fractions	were	found	be	up	to
1AU	higher	than	the	predicted	absorbance.	This	could	have	been	because	while	the	model	used	the	refractive	index	of	graphene,	the	experiments	were	carried	out	on	a	preparation	of	graphene	oxide.	Or	this	could	have	been	the	result	of	some	light	being
reflected	from	the	surface	of	the	fluid	resulting	in	less	radiation	reaching	the	sensor	than	was	predicted	by	the	model	that	did	not	consider	surface	effects.
3.2.2	Reflectance
To	remove	the	effect	of	reflections	from	the	experimental	results	and	compare	them	to	the	simulated	values	the	integrating	sphere	method	was	used	on	the	Lambda	650	S	UV/VIS	to	measure	the	reflectance	of	the	samples.	This	also	confirmed	the
assumption	that	scattering	is	low	compared	to	absorption	in	the	nanofluids	investigated.
All	the	nanofluids	samples	had	a	lower	reflectance	value	than	the	pure	ethylene	glycol.	It	was	found	that	the	reflectance	decreased	with	increasing	concentration	of	graphene	oxide	nanoparticles	reaching	a	minimum	at	volume	fraction	of	0.012%.
An	increase	in	the	volume	fraction	beyond	0.012%	resulted	into	a	rise	in	the	reflectance	as	can	be	seen	from	Fig.	8.	This	optimum	volume	fraction	of	0.012%	for	minimum	reflectance	is	only	valid	for	the	pair	of	the	specific	nanoparticle	(graphene	oxide)	and
the	ethylene	glycol	used	in	this	study.	In	practice,	even	a	slight	change	in	the	geometry	and/or	surface	characteristics	of	the	nanoparticles	should	alter	this	minimal	volume	fraction	significantly.
Fig.	6	Absorbance	spectra	of	nanofluids	with	different	volume	fractions	of	graphene	oxide.
Fig.	7	Modelled	and	experimental	average	absorbance	of	nanofluids	across	the	solar	spectrum	(380–800	nm).
3.2.3	Stability
The	stability	of	ethylene	glycol	graphene	oxide	nanofluid	was	assessed	by	leaving	the	0.008%	sample	undisturbed	in	the	UV/VIS	Spectrometer	for	24	h.	The	sample’s	absorption	was	measured	after	1,	2,	3	and	24	h.	The	change	in	absorbance
measured	over	the	24-h	time	period	was	negligible	as	seen	from	Fig.	9	indicating	that	the	fluid	remained	stable	throughout	the	investigation.
4	Conclusions
The	concept	of	using	a	wave	optics	model	for	the	absorption	of	visible	solar	radiation	(380–800	nm)	by	nanofluids	was	investigated.	It	is	anticipated	that	such	an	approach	would	allow	the	suitability	of	a	nanofluid	for	use	in	a
volumetrically	absorbing	receiver	of	a	concentrating	solar	collector	to	be	assessed	without	the	need	for	extensive	laboratory	tests	on	each	candidate	nanofluid.	It	was	shown	that	even	a	relatively	crude	model,	covering	a	control	volume
with	depth	only	ten	times	the	largest	wavelength	of	800	nm,	could	predict	the	solar	absorbance	of	a	nanofluid	within	1AU	of	the	trends	seen	in	experimental	data.	In	order	to	keep	the	cost	of	nanofluid	low,	an	optimum	volume	fraction
of	0.012%	of	graphene	oxide	is	proposed	to	achieve	a	minimum	reflectance	and	a	sufficiently	high	absorption	for	a	receiver	of	10	mm	diameter	over	the	visible	spectral	range	for	a	solar	concentrator	with	a	concentration	ratio	of	25.
This	optimum	proportion	is	valid	for	the	graphene	oxide-ethylene	glycol	studied	here.	The	model	more	accurately	predicted	the	absorbance	of	the	higher	volume	fraction	samples	than	the	lower	ones.	It	is	anticipated	that	a	larger
control	volume	will	allow	lower	volume	fractions	to	be	simulated	directly	and	so	improve	the	accuracy	of	the	model.
The	model	was	dependant	on	measurements	of	refractive	index	or	electrical	permittivity	of	nanometre	scale	materials	as	such	data	is	not	readily	available	in	peer	reviewed	public	domain.	The	refractive	index	of	graphene	was
used	in	the	model	to	produce	predictions	that	were	compared	to	experimental	data	gathered	on	graphene	oxide,	another	potential	source	of	uncertainty	in	the	results.	It	is	hoped	that	more	research	into	the	properties	of	nano	scale
materials	will	widen	the	scope	and	improve	the	accuracy	of	wave	optics	models.	Until	such	data	is	more	widely	available,	models	like	the	one	presented	here	could	reduce	the	number	of	laboratory	tests	needed	to	select	a	nanofluid	for
directly	absorbing	solar	thermal	applications	as	from	only	one	test	of	the	refractive	index	of	a	nanoparticle,	the	properties	of	those	particles	in	any	fluid	can	be	predicted.
Acknowledgements
Authors,	Rose,	Singh,	Tassou,	Suresh	and	Anathraman,	thankfully	acknowledge	the	UKIERI-DST	grant	(IND/CONT/E/14-15/381)	which	made	this	research	possible.
Fig.	8	Reflectance	spectrum	for	different	volume	fractions.
Fig.	9	Stability	of	nanofluid	containing	ethylene	glycol	and	0.008%	graphene	oxide.
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